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(71) We, Union Carbide Corpora- 
tion, a Corporation organized under the 
laws of the State of New York. United 
States of America, of 270, Park Avenue, 
5 New York, State of New York 10017, 
United States of America, do hereby de- 
clare the invention, for which we pray that 
a patent may be granted to us," and the 
method by which it is to be x>erformed, to 
10 be particularly described in and by the 
following statement: — 

The present invention pertains to drink- 
ing tubes or straws, and more specifically 



hanced marketability. However, in order to 
adequately develop the product potential 
of flexible thermoplastic drinking tubes, 
new, especially suitable approaches to the 
formation of a flexible zone must be pro- 50 
vided. 

Accordingly, it is an object of the pres- 
ent invention to provide an improved flex- 
ible tube, particularly a drinking tube, 
which is especially adapted for advantage- 55 
ous utilization of thermoplastic material. 

Briefly, the present invention comprises 
a thermoplastic drinking tube having a flex- 
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polypropylene, and their utilization in the 
manufacture of drinking tubes, a need arises 

30 for improved techniques and structures in 
the formation of a flexible zone in these 
tubes. The techniques and configurations 
proposed in connection with paper straws 
have been found inappropriate in connec- 

35 tion with formation of a flexible thermo- 
plastic drinking tube. For many reasons, 
the difference in the characteristics of the 
materials involved makes problematic the 
achievement of acceptable results. Further- 

40 more, thermoplastic materials comprise in- 
herent characteristics which make possible 
the attainment of a superior product having 
improved features not only of a practical 
and utilitarian nature, but also providing a 

45 more attractive consumer item "having en- 



Additionally, a product comprising signi- 
ficantly attractive features can be provided. 
The tube of the present invention can be 75 
stored for extended periods without signi- 
ficantly impairing the flexibility thereof. 
Furthermore, when the tube is bent it will 
retain its shap^e without being held by the 
user. gQ 

A better understanding of the invention 
may be had by reference to the following 
detailed description of a preferred embodi- 
ment thereof taken in connection with the 
accompanying drawings wherein: 85 

Figure 1 is a broken view showing the 
drinking tube of the present invention in 
an expanded position; 

Figure 2 is a broken view showing the 
tube in a contracted position; 90 
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(71) We, Union Carbide Corpora- 
tion, a Corporation organized under the 
laws of tKe State of New York, United 
States of America, of 270, Park Avenue, 
5 New York, State of New York 10017, 
United- States of America, do hereby de- 
clare.- the invention, for which we pray that 
a patent may be granted to us, and the 
method by which it is to be performed, to 

10 he particularly described in and by the 
following statement: — 

The present invention pertains to drink- 
ing tubes or straws, and more specifically 
to.- provision of a flexible zone in tubes 

15 formed of thermoplastic material. 

Flexible drinking straws have found con- 
sumer acceptance and utility, and their use 
may be particularly commodious when im- 
bibing fluids such as ordinary beverages, 

20 under awkward, cumbersome conditions. 
Heretofore, flexible straws have been made 
largely of paper and like materials, and a 
variety of structural configurations and 
manufacturing methods have been proposed 

25 and utilized in connection with providing 
flexibility in such paper straws. With the 
advent of thermoplastic materials, such as 
polypropylene, and their utilization in the 
manufacture of drinking tubes, a need arises 

30 for improved techniques and structures in 
the formation of a flexible zone in these 
tubes. The techniques and configurations 
proposed in connection with paper straws 
have been found inappropriate iii connec- 

35 tion with formation of a flexible thermo- 
plastic drinking tube. For many reasons, 
the difference in the. characteristics of the 
materials involved makes problematic the 
achievement of acceptable results. Further- 

40 more, thermoplastic materials comprise in- 
herent characteristics which make possible 
the attainment of a superior product having 
improved features not only of a practical 
and utilitarian nature, but also providing a 

45 more attrac tive consumer item having en- 
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hanced marketability. However, in order to 
adequately develop the product potential 
of flexible thermoplastic drinking tubes, 
new, especially suitable approaches to the 
formation of a flexible zone must be pro- 50 
vided. 

Accordingly, it is an object of the pres- 
ent invention to provide an improved flex- 
ible tube, particularly a drinking tube, 
which is especially, adapted for advantage- 
ous utilization of thermoplastic material. 

Briefly, the present invention comprises 
a thermoplastic drinking tube having a flex- 
ible zone formed of a plurality, of circum- 
ferential folds. The folds comprise circum- 
ferential grooves whose sides are of un- 
equal length and are made reentrant and 
overiapping by lengthwise contraction of 
the tube. During use, flexibility, is achieved 
by expanding the tube lengthwise by par- 65 
tially unfolding the grooves. 

The. invention provides a flexible drink- 
ing; tube configuration which is advantage- 
ously adaptable to desirable manufacturing- 
techniques. The grooves can be simply and 70 
efiiciently formed, and mass production 
methods could probably be readily utilized. 
Additionally, a product comprising signi- 
ficantly attractive features can be provided. 
The tube of the present invention can be 75 
stored for extended periods without signi- 
ficantly impairing the flexibility thereof; 
Furthermore, when the tube is bent it will 
retain its shape without being held by the 
user. 

A better understanding of the invention 
may be had by reference to the following 
detailed description of a preferred embodi- 
ment thereof taken in connection with the 
accompanying drawings wherein: 

Figure 1 is a broken view showing the 
drmking tube of the present invention in 
an expanded position; 

Figure 2 is a broken view showing the 
tube in a contracted position; 90 



80 



85 



S€E ERPxATA SLIP ATTACHED 



1219 595 



Figure 3 is a broken view illustrating the 
tube in a bent position; 

Figure 4 is a cross-sectional view of the 
tube as shown in Figure I; 
5 Figure 5 is a cross -sectional view of the 
tube as shown in Figure 2; 

Figure 6 is a cross-sectional view illus- 
trating the drinking tube of the present in- 
vention during formation and showing ap- 
10 paratus which may be utilized therefor; and 

Figures 7 and 8 are enlarged cross-sec- 
tional views showing in greater detail por- 
tions of the apparatus illustrated in Figure 
6. 

15 The drawings illustrate a polypropylene 
flexible drinking tube 10 comprising two 
straigjit cylmdrical end sections 12 and 14 
with a flexible zone 16 therebetween. Al- 
though polypropylene is specifically men- 

20 tioned, any suitable thermoplastic such as 
those categorized as synthetic organic 
resins, e.g. polyethylene, polystyrene, etc. 
may be utilized. The flexible zone 16 is 
comprised of a plurality of circumferential 

25 grooves 18, each of which comprise two 
sides 20 and 22. The sides 20 and 22 are of 
differing lengths and, as most clearly illus- 
trated in Figures 1 and 4, the side 22 is 
formed of a greater length than the side 

30 20. 

The tube 10 is contracted lengthwise and 
this may be accomplished by applying an 
axially compressive force to the ends of 
the tube. Figure 2 shows the tube 10 con- 
35 tracted lengthwise. This position is ach- 
ieved and held primarily due to the fact 
that the sides 20 and 22 of grooves 18 are 
formed of different lengths. When an axi- 
aUy compressive force is applied to the tube 

40 10 the flexible zone 16 contracts lengthwise 
with the sides 20 and 22 being placed in a 
reentrant and overlapping position. As most 
clearly illustrated in Figure 5, when the 
tube 10 is contracted lengthwise, the sides 

45 20 and 22 overlap thereby forming a plura- 
lity of circumferential folds. The nature of 
the invention illustrated herein is such that 
once the tube 10 has been placed in the 
contracted position illustrated in Figures 2 

50 and 5. it will remain in that position unless 
a force is applied to unfold the grooves 18 
thereby to expand lengthwise all or part of 
the flexible zone 16. 

Figure 3 shows the tube 10 of the pres- 

55 ent invention in a bent position. This posi- 
tion may be achieved by applying to the 
tube 10 a slight manual force in an appro- 
priate manner. When this is done, it will 
be noted that the inner radius B of the 

60 flexible zone 16 assumes a configuration 
different from the outer radius A. The 
grooves 18 along the inner radius B remain 
in a folded condition with the sides 20 and 
22 overlapping, while along the outer radius 

65 A the grooves 18 become unfolded with the 



sides 20 and 22 disposed from their over- 
lapping position. With the tube 10 bent as 
indicated in Figure 3 the portion of the 
flexible zone 16 along the umer radius B 
is somewhat further compressed and con- 70 
tracted while the portion thereof along the 
outer radius A becomes somewhat expand- 
ed due to the tendency for the grooves 18 
to unfold and the sides 20 and 22 to be 
displaced from their overlapping position. 75 
The nature of the invention is such that 
once placed in a bent position, the tube 10 
will remain bent without being held by the 
user. This tendency of the tube to hold its 
bent position will operate over a relatively 80 
wide range of angles, i.e., between the 
straight, unbent position and a position 
wherein the tube is bent 180^ with portion 
12 parallel to and alongside portion 14. 

An important element in imparting flex- »5 
ibility to the tube 10 is the action of axially 
contracting the tube lengthwise. Although 
a method of forming the grooves 18 will 
be described in detail hereinafter, it is im- _ 
portant here to note that the contraction 90 
lengthwise of the tube 10 after initial form- 
ation of the grooves 18 contributes in an 
important manner to imparting flexibility 
to the tube 10. The initial contraction of 
the tube serves as a finishing step in the 95 
formation of the grooves 18. By folding or 
collapsing the grooves 18, the thermoplastic 
material is pressed or deformed toward a 
desired shape with the material being con- 
strained toward that shape, thereby tending 100 
to lock-in the tube flexibility. Additionally, 
it will be clear that if the tube 10 is re- 
tained in the axially contracted condition 
the material will continue to be constrained 
toward this shape thereby making it possible 105 
to store the tube 10 for extended periods 
without significant loss of flexibility. Of 
course, once formed the tube may be ex- 
panded lengthwise to the condition depicted 
in Figure 1 and still be bent from that HO 
condition. However, far greater flexibility 
retention characteristics will result with the 
tube stored in its contracted condition. 

Figure 6 illustrates a method and appa- 
ratus for forming the flexible zone 16 with 115 
the grooves 18 in the tube 10 wherein a 
straight cylindrical unflexible thermoplastic 
tube is first placed over a mandrel 24 which 
is formed with a plurality of grooves 18a 
each having sides 20a and 22a. After being 120 
placed around the mandrel, and during the 
forming operation, the tube 10 is made to 
conform to the shape of the mandrel 24 
with the grooves 18 being conformed to the 
shape of grooves 18a, while sides 20 and 125 
22 are made to conform respectively to 
sides 20a and 22a. As indicated in Figure 
6, side 22a is greater in length than side 
20a and it will be apparent therefore that 
side 22 of groove 18" will be greater in 130 
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length than side 20, as previously described. 

The outer diameter of the mandrel 24 is 
slightly smaller than the inner diameter of 
the tube 10 so -that the. .mandrel_.may_ be. 
5 conveniently placed within the tube 10 but 
with a snug fit. After the tube 10 is placed 
upon the mandrel 24, the tube and mandrel 

_are_ placed_jipon_a^ blo^^6 whi ch com- 

prises a plurality of up-standing teeth" 28 
formed with two sides 30 and 32 and with 
a flat land portion 34 therebetween. The 
mandrel 24 with the tube 10 thereon is then 
pressed against the plate 26 while being 

i Ti^rQ^J f Ai Si^ y iiMfii ^ fe J^m 'Al^ ^ ^ ^ several rev olu> 

shaped to conform to the grooves 18 by 
the action of the teeth 28 pressing radially 
inwardly upon the tube 10 to form the 
grooves 18 with sides 20 and 22 conform- 

20 ing to sides 20a and 22a respectively. Dur- 
ing rolling, and with the mandrel 24 and 
the plate 26 pressed together, the apex 36 
of the teeth 28 is lu-ged toward the small 
diameter portion 38 of grooves I8a. and 

25 after several revolutions of the mandrel 24 
with sufiident pressure applied thereto 
compressing the mandrel 24 against the 
plate 26, the tube 10 will have the flexible 
zone 16 formed therein with the shape 

30 thereof conforming to the shape of the 
mandrel 24. 

After rolling and pressing between the 
mandrel 24 and the plate 26, the tube 10 
is removed from mandrel 24 and will com- 

35 prise the shape or configuration indicated 
in Figure 1, previously described. Subse- 
quently, the tube 10 has an axial compres- 
sive force applied thereto thereby contract- 
ing the tube lengthwise with the sides 20 

40 and 22 of the grooves 18 being placed in a 
reentrant overlapping position " shown in 
Figure 2 and previously described. 

The step of contracting the tube 10 
lengthwise may be performed while the 

45 tube is on the mandrel. After formation of 
the grooves 18, the tube 10 is displaced 
axially relative to mandrel 24 so that the 
flexible zone 16 is aligned with a smooth 
portion of the mandrel 24 not comprising 

50 grooves 18a. The mandrel 24 then serves 
to facilitate the lengthwise contraction by 
providing support for the tube 10. 

The configuration of the mandrel 24 and 
of the plate 26 are shown in greater detail 

55 in Figures 7 and 8. As indicated in Figure 
7 the side tooth 30 of tooth 28 extends at 
an angle of 45° to any line 40 which is 
taken perpendicular to the axis of the man- 
drel 24. The side 32 of tooth 28 extends at 

60 an angle of 10"* with a line 40, Figure 8 
illustrates the detailed dimension of groove 
18a, and as indicated therein the side 20a 
of groove 18a extends at an angle of 30° 
with a line 40 while side 22a extends at an 

65 angle of 60° thereto. It will be noted that 



the teeth 28 and the grooves 18a are formu- 
lated so that a space 42 is provided be 
tween sides 30 and 22a, while a space 44 
is .prpyided^ between sidej 20a and 32. It 
has been found that the spaces 42 and 44 
facilitate the formation of the flexible zone 
16 in that they provide for the material 
thickness of the tube 10 during the forming 
operationT 
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It is to be understood that the detailed 
dimensional limitations described herein are 
intended to be exemplary only, and that 
substantial deviation therefrom is possible 
without depa rting from the scope of the 
'"'pfSsSSP'inv^fi^inPWT*!^^ 
sides 30 and 32 and between sides 20a and 
22a can be varied and adjusted, as can many 
of the other detailed features described here- 
in, without disadvantageously affecting the 
product obtained. For example, depending 85 
upon the wall thickness of the tube 10, it 
may be that an arrangement differing di- 
mensionally from the arrangement des- 
cribed therein could be more advantageous- 
ly utilized to provide an appropriate result, 90 

Accordingly, it will be appreciated that 
the basic elements of the present invention 
reside in the configuration of the grooves 
18 wherein said grooves are formed with 
one side of greater length than the other 95 
side, thereby enabling the grooves to be 
folded or collapsed with their sides over- 
lapping and reentrant, and in the axial con- 
traction of the flexible zone 16 which, due 
to the nature of the thermoplastic material, 100 
ojperates to lock into the tube a flexibility 
which may be retained over an extended 
storage period. With the grooves 18 in the 
folded or overlapping position, the grooves 
will tend to retain their shape and flexibility 105 
for extended periods, the marketability and 
storage characteristics of the item will be 
enhanced, and an improved, attractive con- 
sumer item may be provided, 

110 

WHAT WE CLAIM IS: — 

1. A drinking tube of thermoplastic 
material having a flexible zone intermedi- 
ate the ends thereof, said flexible zone com- 
prising a plurality of circumferential 115 
grooves, each of said grooves having sides 

of unequal length, said tube being con- 
tracted lengthwise at said flexible zone with 
the sides of said grooves reentrant and over- 
lapping. 120 

2. A drinking tube according to claim 
1 wherein said grooves are Identical and 
extend completely around the periphery of 
said tube, each of said grooves having two 
sides with one of said sides different in 125 
length from the other. 

3. A drinking tube according to claim 
1 formed of polypropylene and comprising 
a thin-walled, small diameter cylinder hav- 
ing said flexible zone extending over only 130 
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a minor portion of its length. 

4. A drinking tube according to claim 
1 wherein said reentrant overlapping sides 
form folds having a component of direction 

5 axially of the tube, 

5. A drinking tube according to claim 4 
wherein said flexible zone is expandable 
lengthwise by unfolding of said grooves, 
with partial expansion on one side of said 

10 flexible zone effecting, axial bending of said 
tube. 

6. The method of making a flexible 
thermoplastic drinking tube comprising the 
steps of forming intermediate the ends of 

15 said tube a plurality of circumferential 
grooves having sides of unequal length, and 
contracting said tube lengthwise. 

7. The method according to claim 6 
wherein said sides are formed by said con- 
traction into reentrant overlapping folds. 

8. The method according to claim 6 
including, the steps of mounting said tube 
upon a mandrel, rolling said tube and man- 
drel upon a plate while applying pressure 

25 therebetween, said mandrel and plate com- 



20 



prising appropriately shaped indentations 
to form in said tube during said rolling said 
circumferential grooves, and applying to 
said tube at its ends a compressive axial 
force to effect said lengthwise contraction. 

9. The method of claim 8 wherein said 
axial force is applied with said tube mount- 
ed on said mandrel. 

10. The method of claim 6 wherein 
said tube is stored in said contracted con- 
dition prior to use, 

11. A drinking tube according to claim 
1 substantially as hereinbefore fdescribed 
with particular reference to and as illus- 
trated in the accompanying drawings. 

12. A method of making a drinking tube 
according to claim 6 substantially as here- 
inbefore described with particular reference 
to and as illustrated in the accompanying 
drawings. 

W. P. THOMPSON & CO., 
12, Church Street, 
Liverpool, I. 
Chartered Patent Agents. 
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